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The well that supplies the area's reverse-osmosis treatment plant is located about 0.4 mile south of one of the wells where increases have been monitored, and 0.8 mile southwest of the well where the most significant increases have been monitored. The direction of ground-water movement in the area is eastward, which reduces the probability of the increases adversely affecting the supply well.
Honey mesquite are located about 1.5 miles to the east, downgradient from the well where the most significant increases in dissolved solids have been monitored. These phreatophytes might be adversely affected should the area of increased dissolved solids in ground water extend that far.
Available data and data collected during this investigation do not indicate the source of the dissolved-solids increases. Continued ground-waterquality monitoring of existing wells and the installation of additional wells for water-quality monitoring would be necessary before the area affected by the increases, and the source and direction of movement of the water with increased dissolved solids, can be determined. (Lamb and Downing, 1979, p.7) indicates that a local pumping depression surrounds the supply wells. On the basis of information from the map and the dissolvedsolids increases, the National Park Service expressed concern that local pumping might be drawing water from a more saline source into the area and toward the supply wells. The supply wells currently produce water of about 3,000 mg/L dissolved solids, which is the best quality water found locally. Water from one of the hotel's supply wells is treated by reverse osmosis to reduce levels of dissolved solids to 500 mg/L or less for the area's potable supply. This well is located about 0.8 mile southwest of the observation well where the most significant increases have been monitored, and about 0.4 mile south of the observation well where the lesser increases have been monitored. An increase in dissolved-solids concentration at the supply well would increase the cost of potable water production.
INTRODUCTION

Geography and Climate
Stovepipe Wells Hotel is located on State Highway 190 in the western part of Death Valley about 200 miles northeast of Los Angeles, Calif. Death Valley is a 140-mile long northwestward-trending desert basin in the southwestern part of the Great Basin. The valley, bounded on the east by the Amargosa Range and on the west by the Panamint Range, is famous as the site of the lowest point in the United States at 282 feet below sea level ( fig. 1 ).
The climate in Death Valley is arid, with an average annual rainfall of less than 2 inches and an average monthly temperature ranging from 52°F in January to 102°F in July. Measurements have been recorded since 1913 at the National Weather Service Station at Death Valley, Calif., altitude, 194 feet below sea level, about 18 miles southeast of the study area. The highest temperature recorded at this station was 134°F on July 10, 1913.
Purpose and Scope
The purposes of the investigation were to determine if the water with increased dissolved solids monitored in wells 15S/44E-36K2 and 15S/45E-31M1 ( fig. 2) will have an adverse effect on the local ground-water supply, and to attempt to identify the cause of the increases. The area of investigation was less than 1 square mile surrounding the Stovepipe Wells Hotel. 
Approach
The objectives of the investigation were accomplished through: the determination of the effects that purapage has had on local ground-water levels through the evaluation of well hydrographs and water-table maps comparing past and present directions and patterns of ground-water movement in the area; the determination of the horizontal and vertical distribution of dissolved solids in the aquifer through the evaluation of water quality and wellconstruction information.
Previous Investigations
Information from previous studies in Death Valley used during this investigation included: General background information concerning the climatic, hydrologic, and geologic setting from Hunt, Robinson, Bowles, and Washburn (1966) ; the salt tolerance of local vegetation from Hunt (1966) ; ground-water quality data from Miller (1977) ; and ground-water level and quality data from Lamb and Downing (1979) .
We11-Numbering System
Wells are numbered according to their location in the rectangular system for the subdivision of public lands. For example, in the number 15S/44E-36K1, the part of the number preceding the slash indicates the township (T. 15 S.), the part between the slash and the hyphen indicates the range (R. 44 E.), the number between the hyphen and the letter indicates the section (sec. 36), and the letter indicates the 40-acre subdivision of the section, as shown in the diagram below. Within the 40-acre tract, wells are numbered serially as indicated by the final digit.
Ground water is the only local source of water available to the Stovepipe Wells Hotel facilities.
The local aquifer is composed of unconsolidated gravelly sandy silt having a transmissivity of about 3,400 ft 2 /d. Transmissivity was estimated by using the Jacob and Lohman straight-line solution for well-recovery data (Lohman, 1972, p. 26-27 ) from a specific-capacity test of supply well 16S/44E-1C1. The specific capacity of the well was about 7 (gal/ min)/ft of drawdown. The depth to the water table in the hotel area ranges from about 22 feet below land surface (table 1) Ground-water quality in the area is poor. Dissolved-solids concentrations in 1980 ranged from 2,730 rag/L in supply well 15S/44E-36Q2, the deepest well penetrating the aquifer locally, to 8,790 rag/L in abandoned supply well 15S/ 44E-36K1, open at the water table (table 1) . The concentrations of dissolved solids are far above the recommended limit for drinking water of 500 mg/L (U.S. Environmental Protection Agency, 1976, p. 205-206) . The dissolved solids consist of more than 50 percent dissolved sodium and chloride. The high concentrations of dissolved solids are presumed to be a result of the high rate of evaporation locally in the geologic past when salts were deposited in valley sediments from the evaporation of lakes of Holocene pluvial time and near-surface ground water (Hunt and others, 1966, B46-48) .
EVALUATION OF INCREASES IN DISSOLVED SOLIDS
Ground-Water Withdrawals and Use
The water supply at Stovepipe Wells Hotel is obtained from two wells, 15S/44E-36Q2 and 16S/44E-1C1 ( fig. 2 ). These wells penetrate and are open to deeper sections of the aquifer than other local wells and yield the best water in the area (table 1). The concentration of dissolved solids in these wells is nearly 3,000 mg/L, about six times the recommended limit for drinking water. Since 1975 when well 16S/44E-1C1 was put into production, water has been treated by reverse osmosis to reduce concentrations of dissolved solids to an acceptable .level for the area's potable water supply. The pumping rate of well 1C1 is about 23 gal/min and about 25,000 gal/d of water is pumped during peak seasonal use. Treated water from well 1C1 supplies all potab.le needs of the area and the nonpotable needs of the area's campground, the domestic facilities for the Park Service personnel, and some sections of the hotel. Table 2 shows a breakdown of the volumes of water withdrawn from well 1C1 and the volume of reverse-osmosis treated water produced between 1975 and 1979. Water from well 15S/44E-36Q2 is not treated and supplies most of the area's nonpotable needs. The rate of well 36Q2 is about 65 gal/min and about 25,000 gal/d of water is pumped during peak seasonal use. No other pumpage records are maintained for well 36Q2. Product water is the potable water obtained from the reverse-osmosis processing. The remainder of the withdrawn volume is wastewater from the process.
Direction of Ground-Water Movement and Ground-Water Levels
Since 1977 dissolved-solids concentrations have increased from 3,270 to 3,770 mg/L in well 15S/44E-36K2 and from 2,990 to 8,180 mg/L since 1976 in well 15S/45E-31M1 ( fig. 3, table 1 ). The increases, together with a map of the water-table configuration in August 1977 from a previous report (Lamb and Downing, 1979, p. 7) , suggested that a local pumping depression surrounding the supply wells may be drawing water into the area from a more saline source, probably from the north. During the present investigation, however, altitudes of well-measuring points in the area were more accurately determined using a surveyor's leveling instrument. These data provide a better understanding of the direction of ground-water movement indicating a general easterly movement .of ground water with no indication of a pumping depression in the study area.
A comparison of the altitude of the water table for April 1977 and June 1980 (fig. 4) shows a general decline (about 0.25 foot) in water levels, indicated by the westerly shift of the contours, and no change in the direction or patterns of ground-water movement. Hydrographs of several wells ( fig.  5) show a declining trend along with normal seasonal fluctuations in water levels.
The hydrograph of well 15S/44E-34D1, located 2.5 miles northwest of the supply wells (off fig. 2 to west), also shows a declining trend in water levels. The hydrographs indicate that part of the decline observed in figure  5 resulted from seasonal fluctuations and part from regional decline. Together, these data indicate that the present rate of withdrawal from the supply wells has had no noticeable effect on water levels or patterns of ground-water movement in the area.
The only noticeable variation in the direction of ground-water movement in the study area was indicated by the eastward bending of ground-water contours in the vicinity of the hotel's sewage ponds (fig. 4) . The bending of contours prompted the inspection of ground-water-level data from nearby wells. Well 15S/44E-36G2, located about 200 feet south of the ponds and perforated from about 2 to 5 feet below the water table (table 1) , shows a more pronounced fluctuation in water level than occurs in other wells in the study area ( fig. 5 ). These facts indicate that the ponds may be a local source of ground-water recharge.
Distribution of Dissolved Solids in Ground Water
Water-quality samples collected from 14 wells in June 1980 were used to determine the horizontal distribution of dissolved solids in local ground water ( fig. 6, table 1) . The distribution did not offer evidence of the sources of the increases, however. It shows that wells 15S/44E-36G2, 15S/44E-36J5, and 15S/45E-31M1, downgradient from the sewage ponds, and well 15S/44E-36K1, downgradient from a sewage pipeline, have concentrations of dissolved solids considerably higher than other wells in the study area. The data also show that wells 15S/44E-36H1 and 15S/44E-36J1, located between the ponds and wells 36G2, 36J5, or 31M1, have lower concentrations similar to those of most of the wells in the area. It was realized, however, that problems in trying to correlate the horizontal distribution exist because of the.differences in well perforated intervals below the water table. The perforations are set deeper into the aquifer in wells 36H1 and 36J1, and it has been observed that decreases in dissolved solids with depth exist in the aquifer. Data from two nested well sites, each having two closely spaced wells (within several feet) open to different depths in the aquifer, show a decrease in dissolved solids with depth. Furthermore, supply wells 15S/44E-36Q2 and 16S/44E-1C1, which yield the best water in the area, are open much deeper in the aquifer than other local wells (table 1). In the closely spaced wells 15S/44E-36K1 (shallower perforations) and 36K2 (deeper perforations), a decrease from 10,000 to 3,770 mg/L from the shallower to the deeper well was reported in 1979. Although the drilled and perforated depths of these wells are not known, other available well data support this assumed relative positioning of the perforations. The presence of a gasoline layer in well 36K1 and not in 36K2 (Buono and Packard, 1982) indicates that 36K1 is open at the water table and 36K2 is open somewhere below it. The shallower depth to water in well 36K1, which is generally associated with the shallower of the nested wells in the area ( fig. 2, table 1) , is additional evidence supporting this assumption. In wells 14S/44E-32Q1 (deeper perforations) and 32Q2 (shallower perforations), about 6 miles northwest of the study area (not shown in fig. 2 ), specific conductance, an indicator of dissolved-solids concentration, decreased with depth, based on measurements made in 1972 (table 1) . The specific conductance in well 32Q2 was 8,000 pmho/cm, arid in well 32Q1 it was 4,100 pmho/cm. Specific conductance values can be converted to approximate dissolved-solids concentration by multiplying the value by 0.63, a number derived from an average of all water samples analyzed in the study area.
Cause of the Dissolved-Solids Increases
Available data and data collected during this investigation were insufficient to isolate the cause of the dissolved-solids increases in two local observation wells. Further sampling of the aquifer for the distribution and changes in dissolved solids will be needed before a meaningful determination of the cause, the area affected by the increases, and the direction of spreading of the poorer quality water can be made. Additional work should also be aimed at determining the effect sewage-pond leachate may be having on groundwater quality. The additional study may require the installation of several observation wells, especially in the direction of the supply wells from and surrounding well 15S/45E-31M1, where the most significant increases in dissolved.solids have been monitored.
Hydrologic Effects of Increases in Dissolved Solids
Under present conditions, the increase in dissolved solids in wells 15S/44E-36K2 and 15S/45E-31M1 is not expected to affect the local supply wells. The supply wells are more than 0.4 mile from the observation wells where dissolved solids have increased; are approximately perpendicular to the direction of ground-water movement from well 36K2, and upgradient from well 31M1 where the most significant increases have been monitored; and are open to a deeper zone within the aquifer where the best quality water in the area is found. Should water with increased dissolved solids reach the supply wells because of a change in the direction of ground-water movement or some factors unknown at the time of this investigation, current reverse-osmosis processing of supply water can reduce levels of dissolved solids to within acceptable limits for drinking water at an increased operational cost.
An increase in dissolved solids comparable to that monitored in well 15S/45E-31M1 may adversely affect the honey mesquite (Prosopis juliflora) in the phreatophyte zone (off fig. 2 ) 1.5 miles east of well 15S/45E-31M1, should the increases extend that far. Dissolved solids in water beneath these plants normally is less than 5,000 mg/L (Hunt, 1966, p. 40) . It is not known whether these plants could tolerate a transition to water with higher levels of dissolved solids.
Arrowweed (Pluchea sericea) and Four-wing saltbush (Atriplex canescens), other phreatophytes in the same zone, grow in areas having dissolved solids of as much as 18,000 mg/L (Hunt, 1966, p. 37-39) and should not be affected. Xerophytic plants throughout the area obtain water from soil moisture above the water table and should not be affected by any increases in dissolved solids in the aquifer. Continued water-quality monitoring in existing wells, and installation of additional wells east of well 31M1, would be necessary to determine the spread of poorer quality water toward the phreatophytes.
SUMMARY AND CONCLUSIONS
The cause of the increases in dissolved solids in two local observation wells could not be determined from available data or from data collected during this investigation. However, information at the time of this study indicates that the increases will probably not have an effect on the present water supply.
The reverse-osmosis treatment-plant supply well (16S/44E-1C1) is located about 0.8 mile southwest and upgradient from well 15S/44E-31M1, where the most significant increases in dissolved solids have been monitored, and 0.4 mile south and nearly perpendicular to the direction of ground-water movement from well 15S/44E-36K2, where less significant increases have been monitored. Furthermore, supply well 1C1 is open to a deeper part of the aquifer, where the best quality water in the area is found. Should increases in dissolved solids be observed in supply well 1C1, for reasons unknown at the time of this study or due to a change in the directon of ground-water movement, the reverse-osmosis treatment presently in use can reduce the levels of dissolved solids to an acceptable level for the area's potable supply at an increased operational cost. Honey mesquite, a phreatophyte located about 1.5 miles downgradient from well 15S/45E-31M1, where the most significant increases have been monitored, may be affected by an increase in dissolved solids of the magnitude monitored in that well.
Continued monitoring of existing wells, and the installation of additional wells toward the supply wells from well 15S/45E-31M1, and surrounding this well, would be necessary to determine the cause and area affected by increased dissolved solids and the directions of spreading of the poorer quality water. Additional study should also attempt to discover what effects sewage-pond leachate may be having on ground-water quality.
